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Abstract of JP2004039747 

PROBLEM TO BE SOLVED: To improve a 
characteristic not depending on a value of 
&utri Eg free of aluminum. 
SOLUTION: An active region is formed in a 
DQW structure, a P composition is larger than 
0.2 but smaller than 0.75, a barrier layer is 
structured with GaAsP or InGaAsP in which a 
difference from the distortion of a well layer (= 
distortion of substrate) is larger than -0.65%, 
and the well layer is formed of the InGaAsP 
which is aligned in a lattice with the GaAs 
substrate. In comparison with the InGaP 
barrier layer of a prior art, a difference &utri 
EvO of Ev for the GaAs substrate can be set to 
a small value. Therefore, &utri Ec between the 
barrier layer and the well layer can be set to 
0.1 2eV or higher, and the overflow of electron 
from the well layer can be controlled. 
Accordingly, even when &utri Eg of the well 
layer and barrier layer is rather small, an 
element characteristic can be improved 
remarkably in comparison with the InGaP 
barrier layer. 
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i±mi^ 2 5. AlGaAs ±§P:^*-r 2 8 . AlGaAs ±^m 1 ^ 9 y Vm2 9 a. 
GaAsJ^-y^> h y -fm 3 0, AlGaAs Ji^^ 2^^^^^ Kg 29b, GaAs 
<*M3 1 *^#JS^/|=ifiESv£l^ J:oT)ll:^^B^Bfie«$^^-&o G a A s i^M 

ms i_hiii3tt<& 'J -yi^'J^ > 9-1- y'gissrB^-r^.gB^tc, ;^ h 9 ■T':^!^]?^^ (0 1 1) 

[ 0 0 5 0 ] 

^ic, _h|SVi^x tJl^l.tTjgB^S-t^^tt'gj G a A s4^MJB3 1*3<J:CJ«A 1 GaAsJi 

^^2^ 9 5' Vm 2 9 b<^.;?^^J^ .^'^^^^i^^LT, 'J -Ji^:^ h •t'^StB^-TSo ^ 
LT, i<7) .y ->'x h :/HI5<7)±ffl:s?/M11I'Sr^tp^^^tc, A 1 G a A s 1^ 1 mmzfu 
y^ms 2. GaA s 02m-5itrn -y 3 3> G a A sMTh^Umm 3 4*. ^I^^J^ 

-y-y;^ h9^^§|5co?Fm$rR8ftbT«^Krn'y^'»3 2. 3 3 ^ J: 3 4 

[0 0 5 1 ] 

_h|SG a A sMii^^UWi^S 4 ±KiS\f^ ±ma^Wtm <mmi^Ui/ 7. h-TXi^ 
^r^^-r-So ^LT. ±iaCj^^$|5coSii«%^'t^M 3 4 . ^2mvJit7'n^yi5'® 3 3*3J:0='I^ 

m^^^o ^<^1^> ^Btc. G a A s y 7'»3 5 *^^#M^>fflfiKSi*lcJ:oTi|gB^ 
^:g$-^^o 'eLT:^^^tc, ^« 2 1 <^g®ic nffiS® 3 6 «r?^^ U> ^ ^ yg 3 5 «0 
Mt*pffilim®3 7 SrB^-r*o WJK^i 9 twUT, h ^ >f 2 . 5 m<0«aii; 
vfitat^r^ti-^ I n G a A s P#FJ§/G a A s P^^v 7'S<7)^«'f*:V--f ^S^i^Bfig:? 
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[0 0 5 2] 

itm<Dtii^. m 1 tcfett*^^V 2 6 <?5**. la 1 3 t-*-?- 1 n G a a s P^M^ 
#:^«^tO^^^^#:^•-•^f^®^ci3^t*/^''; 5 tl^CI n 0 . 4 Gao. 6 PfLfzI 
n G a A s P#^S/ I n G a P^^') TJStO^^^^V-^f ^S^i [^Mt-?^^ LT. G a A 
s P^^*U r^fc I n G a P/^*'J T^t <^)iS^^t:: J:S^-7-#14<7>JtieS'=ff o;to f«a> I n G 

g{±0. 36eV~0. 39eVt^So 
[0 0 5 3] 

;7;7-Alc-7't7> h L/^m. *^#'14<7)i|iJ5g=^tfo?t:o ^<Dm^. G a A s P U T^^ffi 
v>7t:3|s:^ifii(^M^<??^i##V-^^St?f4. BiffitmiiE I t h = 2 5mA, W^^W-v ^ = 
1. OW/A. zS.J^#'r4T 0 = 1 4 0 K$:MLfJo itLtcMbtr, I n G a P /<U T^'J- 
fflV^;t:JilBjtegffl<7)#^«:lx-^'^a-Cti. mmmMl t h = 3 8mA, ^ d = 

0. 5 2 W/A, iajg#'l4T 0 = 1 0 8 KSrSL^Co Cl<^5 J: -9 I n G a P 'J TS 

^^^Kii^t^'f^ A^tf'5:#'l4l*#t)tL?5:(/^o — G a A s P/^*'; r®^fflv^7t;*:^*S<7) 
l^-m<r>^mi^\y-^mim.'C\±. JilSAEgfiO. 2 0 e V vMi*^*l^-f, I 

n G a P^^^'; Tei:Jt-<T^d^#teSr^L< fegJi-e§;2.<7?-e*>2.o IsiT, -?-<oafiic#v^ 

[0 0 5 4 ] 

(E c . E vcom_h^W) 
a|i^#:<7)E g ti> 3 >' :5^;^ 3 ^y^^ KcT^ai;^.;!^^- (Ec) ^3 J: O^^t V v:^/-? >" FCD 

(Ev) c7)M-e$>^o L3a^L'5r*5(^, ■0?!) x. |WI C E g "C* T ^ > Ec*3J:t>'Ev 
f4#^m^iafi£#C- ct oT+iig-rSo — ^t;. AlGaAs^liEc, E v 
LT. I n G a A s P^-et4E c . E v t S^ttT v> -&o ^jS:^ ^^i*^eM CO^T" 

n^Mici5V^T{4. W®M<7)E c l^±<7)^;S.C/E V [^±<7)^ (AEc. AEv) id^m^^ 

mm^T^^m^i^-^mw^^^^^x^^mis^xf^^') rm^^m^^x^^:^ i n g a a s p\^n 

[0 0 5 51 

mrt-^v^-CJi. ^^#<7)Eg, Ec, E v<7>^/I-=^s W^«#V-^'^St^*3V^T^'K 
irfflu^Tv^^ G a A s <7)E g. Ec, E v Sr^i^^tc LT-e<7)*i^l-^-r S^Ofil I A E g 

01. lAEcOl, lAEvOl T^B^-r-S. ^1 1 ic-Ti&o S fc, I A E g 0 I {* I A E 
c O I + I A E V O I X^^o ^ Cl-e, lAEgOlO-9-^lAEcOl ifl'^'Sr 
, I A E c 0 I / I A E g 0 I i: ^mf^o 

[0 0 5 6] 

^0-ti>ii. itmm-m^-r^ InGaP<7)lAEcO l/lAEgO I t::ov>T}4 
|AEcOl/|AEgOl=0. 18 

tV> -9 Igcfftj&SA ppl. Phys. Lett. 66, pl785 (1995) *L 
T*3 ^:tL^^^lt^c>^fflT^o ;*^^*SiO?l^^tc^^i-;S, GaAsP<7)lAEcO 

I / I A E g 0 I icov^Tfi, Ji|£I n G a P J: <9;^-e2fe^ ^ t {i— ^HTJii/^;g> 
m^m-^j:mMityfm-<^i>^o ^^l-e. G a A sP<7> I A E c 0 I / I AE g 0 I t L 
T^o>0^<^'fitSr^^L, Ml- I nGaPi:GaAsP t (75M<7)^fie-e$>^ I n G a A s P 
Hov^Tti, m.^^^lB'CX I n G a P <Dmt G a A s P (^-fil t H b-T 2> tj£5EL, 
#*a^l::^tt* I n G a A s P<7> I A E g 0 I , I AEc 0 I. I A E v 0 I 26Sif<7? J: 9 
lC'^2>yd^*1^it LT.?<^;S.o ^^(7)G a A s P#'l4tc:S=b'^o7^2^Ji: L-C> Ga 

AsP<?)lAEc0 l/lAEgO ISrO. 60t L7i:J©'a'^:^i-o 1^6, InGaAsP 
^<7)E g g#:J::ov>T<>. ^m*g:^Jc^o'V^T^^t <7)|ig#S:«^L/to ^:*L{±. InG 
a A s P^<7)E g (coi/^T, ®figt<O^'0|^*«^o;3^Jft^^;tLt:{4v>S>6«, Sv^tcffiiSL 
■C •? ^ fit J- 'Sr o T ^ ^ v ^ ;t «6 * -g> o 
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[0 0 5 7] 

. IWICEgt'SrS (x, y) A/-e^E g ffl^^-mv^^^lglT?^ &o mbii. m^x^l 
X. y) =Sr*§Ay-C#E c tt5^«r*Sv>^cE-e*2.o ^^a^ I A E c 0 I Sr5 Om e V«<^^H 

pg-eiffiv^Tv^;E,o tfz. men. mm^^. #*i!x«ri I im<oG Si mm. t-r^-:fj. mm 

y^wm<DPmm.tl.fz^'m±K. IWICEvt^* (x. y) =Sr jgA/T^ E v ft^^rfilv^ 
f-zmt^^^o |AEv0l*50me V@<7>#H|!B-efi|V>TV^;&o ^fz. mi it. m 

Wx*! I im<^G 2im^t-r^—:^. mmy'tvm<DPmm,ti^tzwm±K. caAs 
izM-ri>mMT>}mciz:rj:i, (x, y) im^'f'^^mm ^m^^tzm-^ 

[0 0 5 81 

±iE^E gmtmE cMtmE wmt t:}tm-r^t. _hia^E gMJitc?&cTm^^ i n 

G a Pt' t . I A E V 0 I ii^^ < I A E c 0 I <^*). Eg 

FHIlcj^T&s&i t5^^#ij;S>o i^l-> la^SrG a A s PlciSo'tt^ t> I AE 
V 0 I f*/h? < ifc^S.^^ I A E c 0 I *^;*C§ < . E g {4 :i > a >'^^* > Ffflt^JAJ&« 

[0 0 5 91 

m4-~m7.K. :^^m(Djfi^m^mi^u-'>fmm.Kfy\f^ i n c a a s p#pe 2 7 

G a A s P^-?'J T^2 6<?5#ffiBg; (x, y) *>5^0, •-^'^LTV^^o ^ 5 <t I 

A E c 0 I ^M.^^*) ^ I116J:«9 lAEvO I ^tt^M^ ^ G a A s 1 , I n G a 

A s p#:p® 2 7 axzfG a A s p/^'v r® 2 6 (DJ^^)v^-^<> v<Dm^^i^&< tms 

a) K^-r^iiz^j::hom. 13 2 (b) l^. I n G a P^^*U TeS:fflv^7tJi:i|effl<?)^^'»: 
[0 0 6 01 

^ t. ^-rmnzmm^zm^^tit. mz (b) iz^-rj:^^^ i nc a p^n^vt»co^ 

A s P/N^U TSO*^#:V--f^m<!^li'^JCf4> 13 2 (a) K^-TX^K. Ev^il^w/^'U 

J: 0'~^:S'^;^I^<75ii::fe^c^5i)^o fz t m.^^ ti^ o 
[0 0 6 1 1 

^2ic. ±faG a A s P^-?'J Tg<04^«#V--^f^mt4. I n G a P^^^'; T®<^#«#V 
-•r^Si g(4/h^v^j&^ Tei:<?)E c m±(D^'X^^^ I A E c I f± 

jlfri:::^^ < *oTv^&ii:5&«fij&o i<7)a: -9 tc> /n^U TS^r G a A s P t-TS d i: »c j: o 

T I A E c 1 5*5;^ § < ^^fzs^. m,f'(D:t~^'^-y^—i)^ji y)mm^fix. M^-s-w-fam 
m<7:>i&m^^z/w^mm<omi^. tfz. is.m^^<Dm±izmi}^'^^tm&^ix:ho 

[0 0 6 21 

[S5 *3 J: ([/"lae fi^ Ji3^L;t«k 9l-GaAsP<O|AEc0l/lAEg0l«:0. 60 

m^\y-'^'mwtitmm(D^m'^u--^^W:tii^h^hii^^fzm^^^^^^^ ±m\^fzx^ \z 

, |ll5*J:0^ia6t:iJ:^ife5el^MLT;*C§'ilil^>6«'5:Vi^ci6t:i, IS 4 ~ lEl 7 ic^i" 
[0 0 6 31 

JiJLT> r<7)fiJifl^*^^v^-C. I n G a A s PilS^^iVx-V rSt \^X^^iz:^m-ri> I A E 
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cO |*sJ;£;^| AEvO I <D±^tTm.t K^\,^XjiE^i>o 
[0 0 6 4 1 

^p^^ff:,^^ .J TftAt'ovi"Cji5^-;v3&«5:gBe<)^#x.> I A E v 0 I ^^f'Z^^i^-X^ 

^m^SiH)^? 8 0 nm<7)^«ftl^--^^St^*3ft^ I n G a A s P #:^e v^T I 
AEcOl=*«JO. 03eV-e^>9. |AEvOl=*^JO. 1 2 e W-C$,& tm&^^i> 

[0 0 6 5] 

^■f> I AEvO I (30*/hfiSti-^>/>Tti> 'J Tgt#:^^ i:<7) A E V fi:^"'^ < t <5iE<7) 
'fiSlCJ&^'i;^^:^^*-^^ L/c^^oT, lAEvOl>*t)0. 1 2 e V "C^b > 12 6 p ^ 
^0. 15~0. 3 0#j5t- I A E V 0 I 0^g#*«#^E-r* a:«x.&o 
[0 0 6 6] 

I AEv 0 I <D*;'<;fltlCo(/^Tfi. F^:d^^c0*-;UC0ffiA=S-^^L^v^fSJ^ 
li#Px.^'i:^^5?)«*-2)c ^^'■"-r K^^i^ 7 t LT, I n G a P-^A 1 G a A s^OG a 

A s ^^tc^&^^'&i-iS^^l^^cTj+^^^^^jei^fflV^ ibtL^ji^ ^y'j: < fc^fc^^j I AEvO I 
<75:/civ^ I n G a P ■!bm\^^ hftfzm^ ^ >9 <j I A E v 0 I ^/h? < "f-^ itl^^/^^*) "9 . I A 
E V 0 I <^0. 3 8 e V (13 6 K:Ssif^ G a A s KM-T ^^&ib^ 0 <D^m.t I n G a P 
«7)^t<^^,iSc-e<7) I A E V 0 I <7)'(iS) k^£^^ Vfct^^X. 1116:0^^, Pia^^^O. 6 0 

~ 0 . 8 0 -e^&fii-fflii I AEvO I <Dm^^^^^-r^tmA.i>o 

[0 0 6 7] 

o CicOO. 12 e V{*> A 1 G a A s ^<7)^M:^^•^filfi-e^4^ TSt^ I I im<r> 
Al^^-A^O. 2 7^J^<7)A 1 G a A s 'SrfflV>7t:^'g-Hffi^-rSo L/cyd'o tT. U 
60 I A E c 0 I f±. #F®<7) I A E c 0 I :*5*^0 . 0 3 e V^^^ii^h. I A E c 0 I > 
mo. 15eV (*>J0. 03eV+0. 12eV) t^^o m5 RV^m 7 ii^hm^ ^ d I- 
mE cU'A^m^'f-^^B-t^^rK&\^>:ztTi-'ib. lAEcO U^M LT{4#:^»<7> G a A 

0. 6 5%~-0. 8 5 %<^#i£t:i I A E c 0 I <73*ii#*s#^i-& 

[0 0 6 8] 

^ic. I AEc 0 I <^:g:*c'litlwOV^-ct±. m^oi^At±+i^::fei y-c^rltttjf** 
[0 0 6 9] 

0. 7 Siii-hicie^-r* *^4#'tt>&«>^:'|ili^'ffi:T^*o L^^J&^o-C. P|a)^t:lov^Tt± 
. 0. 2 10 i>±%^ < M.^ 0 . 7 5 J: «9 */h$v^f£H5&«^?5!j'&<?>-C*^o M^-^4^ 0. 2 

[0 0 7 0 ] 

±^L;t I A E g 0 I . I AEc 0 1, I A E v 0 I (Tj^t^-fKfi, J: ^^^> Kit 
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to 0 7 1 ] 

(m^;^- - -7 a - A 1 G a A s Vm<^m^) 

±|B3>rri5">g >/N->- KfJtc^w^TJi, A 1 G aA s S-**-^ Vmt LTffl & d t J: 
oT^ G a A s P/^*'J 2 6 a . 2 6 c t A 1 G a A s ;^r^ 2 4 , 2 8 i:<^M-f'b 
T*«?^^?tt2.o L;t>6«oT, Mx.S^<^— 2 6 a, 2 6 c t^:t 

n G a A s Pi:^* l9^^*'J T^^^i „ q ^ p-^^ |ii&[Wl D*t^T?^^<75lc^ LT, ;^r-r 
icflfr^5{)« I n G a P -et*#3{i«A 1 G a A s -C(7>jSVi:^)«*:|,/f lt-C*;g.o Lsi^ L'&j??^^) 
> ^^m^JCii. l|ffia-5fEJiHir^>6M 0 0 m A 3 8mA-e3fe«9> fiJ^i|fttf4m^ 

O 

[0 0 7 2] 

(A 1 ■7v-izi:b-^mmm 

^^is<^Bi»tc*3v>T{±. #:Re 2 7 ^^v#^m 2 1 \^m't^^^^) rm 2 ska i sr-g- 

?t> /^'J T® 2 6 IC I n ^rj^MLT I n G a A s P^^ '; T® t & C t J: o Mt^ffi 
[0 0 7 3 ] 

tfz. :^mm<DBmKis\^^x\t. ±mm^±mmz^if:b-^f^<D^^v t«2 e a, 2 e c<7> 

^Mi}^A 1 G a A s (75 ^'-^ 2 4, 2 8 t ^oTv>:&o ^(Dtzib. G a A s P^^'U T® 
2 6 <^®)?^ 4 nmJ^ATl-r«. t . iSS, i^m:t7^-eco-®»'I4^M&T-rSo rtt{i. ;&*-f 
K®2 4, 2 8 <7)A 1 <7)f^#t#x.^tL^o L^c^^oT. G a A s P U T Jl 2 6 <?)® Jft 
^4 nmX^^^ <-r^ii:lxJ:oT. :^r^ K» 2 4 . 2 8 <7>A I (Dmm^-XmzmM't 

[0 0 7 4 ] 

( I n G a A s P#:^^li J:^ E c . E v tcW^-g.fiJ.i^) 
1113 J: d l^. _hfe I n G a A s P #:PJ# 2 7 {i. G a A s&m2 1 iCJ4:i(SLT, 

E g {i/^V>>j;/N'> Kflfltc/^^j^SoT lAEcO l<lAEvO I t^^o ^tititmi:^. 
G a A s P/^^'; T® 2 6 {i, E g {in >- >- g V/^^ FffiO T I A E c 0 I > I 
A E V 0 I tJ^^^o L7t*«-:?-r, I n G a A s P 2 7 i: G a A s P U TM 2 6 t 

(Dm.^^^'^it. m^nA 1 G a A s ^^pmt \^fcm^\^itmi.x. #^jb 2 7 

re 2 6 tcDAE c ^JiZfAK V ^m^^ I AEc I SrJ:^):»c§<^ I AEv I^J: 
*)/h$<'C§&o -r^fe*). itLJf, /h^J^fcE g<7)^N*'J TJg-C I AEv I 

^/h^\,>ttK I AE c I <-r^^itib^^m^^i>o ^<7>ig*. ^^m2 7 t^-fU 

T®26i:<^lAEc I |: < LT«^^(7):t - 7 n - jgrSPW L. J: ^ i&mMfi.mi\: 

[0 0 7 5] 

:*:^Jfi<7>?l^i^jc^V>Tf±. JbfB#:^® 27iLTGaAs ^^R2 1 i^^^S-^L/c I n G 
a A s P S-fflv*^^*s, r® 2 6 <05I5SM<^S^S{:: J: oT#^Jl 2 7 'b^<^ 

[ 0 0 7 6 ] 
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M<?5B^t-*5Jt* I n G a A s P#^® 2 7 \^\^. *&^^I&*«G a A s*=^2 1 
Tv>-5>tc ?bt6l^-f ^ G a A s P/^'J 2 6 <7)?l?mcoj^#=lr^itT5lll5gc!0-3iT> 

ii^Wtg T M ^ - K<7)5|£^#: V - -If o -ejfe i> o 

[0 0 7 7] 

5t^«^Tff-&it -^^^S^ffi^i^ir-r-l. it^Jc J:^T. TE^~ K^rMKT-S.i t 
[ 0 0 7 8 ] 

'J T©2 6 2 7 i:;4^^)*;^D QW«3tt TS 2 6 ^-^S- 1 %<DG a A 

So. 72 P o . 28 -emfi£ #p« 2 7 $r G a A s Mm 2 1 t tS-^^-^ Vfz I no . 

162Gao. 83aASo. 671 Po. 329 X^m^ LTV^;g>o ^ <^ ct . V T 

JB26^. 0. 2 X*) iii^^ <K^0. 7 5 J: ^/h^ v^P?|a^-e*oT, -0. 65% 
J: »9 'b;^i v^#pe(7>^« i = m^(7)^m) toUftcoSg^^-r^ G a A s P t In 
G a A s P#Fe 2 7 tj|a«J^-^-^& ^ I' J: oT. ^^'U TM 2 6 <h 2 7 hif-^ Vm 

24, 28<7)|AEv0lS-, 2701 AEvO l<^^V TM 2 6 <7) \ A E v 0 I 

K» 2 4 , 2 8 c7) I A E V 0 I c7):^/hM#*^^iz:-r ^ J: 9 Jc|£5t-r-5. CI > 

T®2 6 t^pm2 7 t<^)M<OAE c ^0. 1 2 e VJtiiJil-IS:jg-^& i t *«-C§ ^ 
2 7;ei^^com^<7>;3-->'^-7a-*^$!Ji-&;!:t:6s-C^:5>o 
[0 0 7 91 

L^w56«oT. 2 7 t^^') rm 26i:OAEg{iO. 20eV v> ^b^*!*? T 

, mi^nm i t h = 2 5 m a . ^^55*^:*)^ 7 d = 1 . 0 w/ a . ?aj^#teT 0 = 1 4 0 k t 

. I nG a P/N^';T®i:ifc'<T*^^#'r4Sr^L<(Rl±3i-ar^ii::*5-e§S<0-e2|>-&o 
[0 0 8 0] 

-eo^l::. Jif5G a A s P^^^'; 2 6 4 nm J: ^i^^ < LTV^Sct)-^. A 1 G 

aAs*MF®24, 2&<r>A\(Dm^w^:Kmi^nm-r^^ti}^x-^^m^. 

1^ v> # jfit^ i i: 5&s-r o 
[0 0 8 1 ] 

ifc, JilEG a A s P^^''; 2 6 I n S-?^:!JP LT I n G a A s P^n^'J T^t-f--&Cl i: 
[0 0 8 2] 

^^ife<7)?i^lsi-i3i'^Tt±, JilEI n G aA s P#FS2 7 G a A s^'K2 1 <k 1^ CIS-^^ 
L/tr3&^ I n G a A s Y> 2 7 icM'SriD^.T G a A s P/^''J re2 6 ti^^ciJ 

^^#14<^|filJiJ^S?*«*o ttz. 3|5:^ia<0?|^^tc^»t*#Ftfcf4 2e-C*S7&^ 

[ 0 0 8 3 ] 

7 8 0 nm t L ^1 ttlcRS^ 'bcO-eti'i <> 760nmJ:l9'b>'c§< JLo 8 0 0 nmJ: 
V) tj/hSH/^mii 7 8 0 nmw-C^>*t(f|WI;H|(7)^^5r#^i i:;«i«-??%-&<?)-x?*&o 
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[0 0 8 4] 

. I n G a A s PJ£M^#F^/ I n G a A s P/t'J Tm<D&^^^mmmi^'tm-t^W. 
g7 8 0 nm<D^mi^>-ifmWKm-t^o 
[0 0 8 5 3 

ms tc^v^T. 4 IJinMGaA s^^K. 4 2 f± nM G a A s 7 r Jg (Jg)?0. 5 ^ 
m) . 43a«nSAlo. 4 Ga,. eAs T^m 2^^y KJP (^J? 3 . 0 m) , 
43b {in MA lo. «Gao. 5 A s T§P» 1 ^ ^ .v F» (Jiff 0. 2 // m) > 4 4 fi 
Alo. 42Gao. B i As T^:^'^ FS (mm 0 . 1 m) ^ 4 5 (i^f^'Mi^T^ ^ 
o Cli-e, iS'ffi0J*4 5 it. Te4 6 t#:^J14 7 t ;5^^>^2>DQWfl|3t^^LTV^ 
f 7t. 4 8 (iA lo. 42Gao. ssA s±$15;^V iBmo. 1 m) . 4 9 
a tipMA 1 0 . s G ao . 5 A s _hgUI^ 1 v y (SJ^O . 2 ^ m) > 5 0 t± p M 
GaAsJ^';'^^ ^J';^ f y zfM (mm 3 n m) . 4 9 hiiO ^ V 7. •T'JI^tJcco p M A 

1 0 . 6 G a o . B A s JifB^ tif ^ y KiS (gff 1. 28// m) > 5 1t±pMGaAs 
(S)?0. 7^m) . 5 2 (in MA 1 „ . 7 G ao . 3 A s ^ 1 m-3i£r n ^» ( 
®J?0. 6//m) > 5 3f±nMGaA sW>2MMfx^v^'m (Jiff 0 . 7 m) > 5 4 {± 
p M G a A s aiZs.^'.'RMe (SffO. 6 m) , 5 5 {4 p S G a A s ^ ^ •7'® (Jiff 2 

//m) . 5 6(±niBamffi> 5 7 1± piym®-e^)*o 

[0 0 8 6] 

1^, ±|e/^*'; TMA 6t4. In,. osGao. ^jAso. 4i Po. 59 t^l i oTfll 

iSl^tt. Eg(4 2. 02eV. 1, 4 5 %-e. ®ff{i4 6a, 46c:i?)no 
nm-e*J9 4 6 b;?)^5 nm-e$>^o * /c, ±fa#FJl 4 7 14. I n 0 . 2 7 G a » 73 

A s 0 . 5 5 P 0 . 4 5 -efllBK ?tt. Egt4l. 55eVs ^(41±^iSi 0 . 3 5 Jl 

)¥{4 4 7 a. 4 7 b*H8 nm-Ca|)2>o It59. 4 7 T® 4 6 t<7)AEgJ±0. 
4 7 e V-e*-i)o 
[0 0 8 7 ] 

[0 0 8 8 ] 

±IB«Ee<7) I n G a A s V^m^^'pm/ I n G a A s P^^'V Te4^»#:lx--if ^g(4. 

l--^f^^^*igf?ft 8 0 0 A* m-eMliL. ^^^-JfeL. ^^Ajcvjz 

> h Lfc^^tc. ^T-#teOffl!l^^ffo7t:o -g-<^*£*, B^fitm^fEI t h = 2 9 mA. 
^7 d = 0 . 9 SW/A, S)^#teT 0=150 K"C*o?to i<^>J: ^ ic, #^JlJwJ£^ 
^^^A-r-& I n G a A s P^^V Te'Srffl^/^;t^«#^'-•^fMS-e'{). ^J^'Sr^^F 

[0 0 8 9 ] 

#t I^^Htc. v'tu Te4 6 SrP*a^**0. 6 J: *) sb^h^v^ I n G a A s PTfll^LTV^* 

7t«6. /n'';t©I^I n G a P ^Srfflv>;ttJ&*<7)^ag#U'-^f^-g{- jti!?b-r, 4 7 

TM4 6 fc<r>M<7) I A E V I {4/h^v^J i I A E c I =Sr:^§; < * 1 76^-^ § S » 
[0 0 9 0] 

0 5 *3 J: 0^0 6 J: 9 :$:^^'0:^-•^f^m^ci3^ts/^' V 4 6 oia^#ifi-e 

fi^E c^t#E v^t<^j|afi!c:{i^:^i-;i.^<b<7>tt:^*«::'c§ <^'^oT43»9. it-go's: j^fife^ 
SJS CI t -e^N* >; T® 46olAEc0ltlAEv0lt S-**^JK3ai2:JcSim-r* Cl t 
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E V I a^i^B < J: -5 I n^^*3 J:D^Pffi^*i!^LTv^*o cittl^J:oT> #F® 
[0 0 9 1 ] 

j^, 5j5:^«ii<^Bi^lc*3Vi-C»i, 1^9^122 (b) t <^Ji:«!!:d^^jflJ& J: •? ic, /^*';T®^CI 

n G a P =g:fflV^fc:tJfe*<^^«#:l-'--rt^ib'<-C. KcO/n^V Tt&VJn^ < 

R v> #)S'r4 ^# s i i >e>s-c §1 ^ o 

[0 0 9 2 ] 

* ;$:^ifeom^tc^v^T{i, ±fE I n G aA s P/^*V TS4 6 G a A s*^R4 1 
i5^e)+&^^5e&5&^-rttT, -1. 4 5 %<7)5I31^{' 'ioTV^^o L L 5^ 3^)^ ^ > #:p S 4 7 

liJ*^#t LTc7)|gg#M)¥'bJf^b> Te4 6 a, 4 6 b<7>®f¥^ 10nmfcl¥<^ 

^-f-^itj&^-eii^&o *^ifeo3^ilici3v>T '{j, ?S'r40J*ici3JtsS^'1-<^/-?'; 4 6 a 

, 4 6 c c0^1-1ia:*^A 1 G a A s :i$^^fiR^:^r'l' KS 4 4 , 4 8 t o T V> ^F"® 4 7 
55^ lb A 1 G a A s :^f-^ 4 4 , 4 8 iX<r>S&m^ 10nmi::^^< LXV^;&(7)-C, *M 

4 6 t:i I n ^^jjD LTI nGaAsP^i: LTV^^Tt*. I n J: o T^-fiic^ltJil^ 
[0 0 9 3 ] 

^*^6o?l^li^-*3v^T^±^ _hia#^e 4 7 t bt: 0 . 35 %<ommM'k^-t^ i n G a a 

<Dm^^- ViyTE"^- F-e*Vj. ^i^S 4 7 SrJIM^ "T * ^ J: o T. TE*- K 
[0 0 9 4 1 

^mmcD'BMi^^^^Xii. ±m^^ni^^ I n G a a s PffiM^i*:^®/ I n G a A 
5 PBm^^^V rmt i.fz^^. ^i7)m^^^'^i^^^^i^^ii<7yXii^\^^o InGaAs 
P4be^#:pS/ I n G a A s P^ISft^/^'V TS^fe^^Mi I n G a A s Pffi^M#M/G 
a A s P/^*U r®<^)jm^'^<5-fr'bBrt6-e**o ;4s:^ii<J:>?^!ilc*jtt«>#:p?Bc»i2M 

^Tt. ^mm<oMWJ^is\,^Xli. Mil,') y'>^'mMtVfz^^^iHzm.^^ti&i^<^Xii 
;5:<, O^yv'-^jt. h^-f m7i,-^y'X3mMm<7y:^bh<9>^mj&KM\.xmm 

[0 0 9 5] 

7 8 0 nmi: Lfci!)^^n-Km.^^fl^ <b<7)-e{±^<. 7 6 0 nmJ:"9'b:A:i < JEo 8 0 0 
nm J: >5 ^fc/h^i v^BlTii 7 8 0 nm^X^ilfH:£mm<^S:)}^^^& ^ t-fy^X^ ^<DX:^&o 
[0 0 9 6 ] 
<l^3^«i<7)3i^i^> 

it. InGaAs V^hM/G a A s P>'^*•J rm(r>m.^^^m^m.iiL^m-t^^^7 8 0 
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[0 0 9 7] 

iaiOJ'^v^T> 6 1 finMG a A s^«^ 6 2 {± n M G a A s v r S (®)¥ 0 . 5 
ft m) ^ 63Jin^(Alo. sGao. 5)0. sie Ino. 484 
m (mW- 1. 7 fim) . 64JiGao. 516 In„. 484 ? TfB^^-f KS (^)? 5 0 
nm) , 6 5 ^4^S'l4|gilfc■r•^)^.o d^Tf, Jl|S^S'r4<Sli« 6 5 {i> 'J T® 6 6 i: 6 
7 1 75^^'^^ S QW«jg^rWL-Cv^^o 68{4Gao. 516 Ino. 484 P-h 

gP*M 50nm)> 69afipM(Alo. sGao. 5)0. si< Ino 

. 4 8 * P -tSBSS li^'^y imm O. 2^m) . 70^ipMGaAsJl^'^>^^;^^ 
y -Zfm imW- 3 n m) . 6 9 b (i V >^>^ h 9 "^Bi^tD pM(Alo.sGa„.5) 
0 . B 1 6 I n 0 . 4 8 4 P 2^=7 y imn- 1. 28//m)> 71{4pkGa 

A s 1 . 0 m) , 7 2 «S i N. m-JlErn -^^ ^'Jg, 7 3 {4nffi9«M. 7 4 

f4p(lflSM"r*&o 
[0 0 9 8] 

_tfe^^' rm 6 6 G a a s 0 . r 6 P 0 . 2 s -^ftSS; ^tt, EgJil. 73eV 
. 5g{±?1511^- 0 . 8 9%-C. ;^J?{i6 6 a. 6 6 b 5 n m-e*^o * 7t . 6 
7fi. Ino. 27Gao. 73AS0. bbPo. 46 "efillK ?tL, Egfil. 55e 
V-e, m.\tmmW^. 3 5%-e, M)?{i8 nm-^*^o #^©6 7 6 6 t 

<50AEg{i0. 18e Vr^^o nJ&. Ml^ J: V T Jl 6 6 6 7 coE %^<r> 

'^V^ t><30 t LTV^So 
[0 0 9 9 ] 

_hfS«^<^ I n G a A s P#:Re/G a A s P^n'V T«4^^# V- ^gti, :^(7> J: ^ \z 
ct oT'; 'y->'x h^-f 7"fB^£:BE£i--&o -e-UT. Jiieu ■yS'-X h ^f|i<7)±ffifljt 

•mMTxi-y ^mi 2)&sQtfej::?^^$tL;6o 
[0 10 0] 

1 c7)^Blc nmWmi 3 ^B^U. m-SEm iJ'^ 7 2;te J: J^IS^M 7 1 <7?^BIC 
pffiOm® 7 4 SrB^-r^o mjK^a: d LT, ;^ h ^-f >^i|il3 ^ mOV ^->'«5K]g&^)t4: 
^i-:|> I n G a A s P#^®/G a A s P^>^'J TJg<^>^^# U--if $ t7,;£.o 

[0101] 

h = 3 0 mA. Wi^Mm-v d = 0 . 9 W/A. ig.J^#'r4T 0 = 130 R-C^ojto Olc7)J: 
■91^, U '^/-y^JSdJ&^itSr^l-SGaAs P/N*UTJg$rffl»/>^c^ijf#V--^^S-CJi. A 
Eg:«)«0. 1 8 e Vt^-^ld/h^vnr ^jt|C,-r> d 1 3&«-e§ ^<^T? 

[0102] 

to :^^mi^u-^mn<Dm-^i^ii. -hiB^i*j(B<oBtiii*3*t*4^«#i^-^f^g<7)^ 
•a-t rm 6 6 p iia^>^)« 0 . e o i 19 ^/h^; v>g a a s p-e^^L-cvi;s>/c 

6 t(OH<^ I AE V I fi/h?i/*i tt:: I AE c I < i"^ i 1 36«-e^ *o L 

n G a A s PSrfflv^T'b. Pm.^i3^0. 7 5 J: •? ^b/h $ lt*t<f> EI 5 * J: Z/III 6 ji^ib^US 
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i 0 i^. t^^*'J rmt<Dm<D l a E v l fi/>?\/>$ * i:: l a E c l «r:*;§ < -r^h z. 

. I n G a A s P #;p ^ 6 7 (D 1 n lEfiK^ «t O'P mfife ^-hfSII 1 ^ife(7)M<7>:^'g- J: "9 
if-^ LT* «9 > 6 7 tz-^'J T® 6 6 b<Dm(D I A E c I coif:*;^ [Ho T -g> „ 

[0 10 3] 

:*;^JS<7)BSit^*3V^T{d:, _h|E:<f-f K@64. 68$rInGaPt LT*3 . m 1 l 
*|J2. J: 9 t^. =i>r^iy3 y^^> KfflS-eO a A s „ . 7 6 P o . 2 s ^"^^'J 6 6 3&^#^ 
g67t*MK®6 4, 6 80raic^lt;S>^^U Ti::^:o"C»/->ao ClCl-C. G a A s 0 . 7 

6 Po . 2 6 ^-^'J T© 6 6 <^®l¥* 4 nmJ^T(c?i< t . ±|£|i|'fltm5fE7!)-'Jt:*^ I9 > =^ 
^3«ll^36ST5&««9 ^ iaj^#'tt5{>5T5j)«^o ittti. ^N^'J TS 6 6 h >^;v-r^m^>6«^ < ^j: 
»? > ^'-f K® 6 4 , 6 8 tim^3&«?J--^<- yu--r^ ZiiK J: oTm^*«#^© 6 7 

h-^j:^^fzti:>X'^^^ tfz. G a A s P/^*V 6 6 <7>S)¥$: 2 0 nmm_hti)* < 

<75 C: f> , 'J 6 6 <7)e;?{±> 4 n m i {±:*; § < 2 0 n m J: «9 t±/h^ < "T S 
iiJcJ:oT. m^=-*#:Re6 7l*Ilc^^5-tC7gi6-g»ii:jiSBrtgt*ormiHF'fc^^^#14^ 
^# ^ i t n]-|g I- ^ -e^ o 

[0 10 4] 

? :^^m<Dl^M^^^^^X it. ±%^if^ FJl 6 4 , 6 8 I n G a P^ffl(/^^ t^lc 

> ^ '7 6 3, 6 9 t^A 1 G a I n P ^-fflv^Tv^^&o ^ Vm-^^P^ 1 G a A s -e*. 
SJ^^lcfi> ±ie^ 1 ^ifico?l5ilii*3Jt^jtt!?^Jtc^v^T|gI 2 (b) tc^-Ti^ic, In 
G a P-e^b^^-^U T®60 I A E V 0 I v ^i' Fg± <9 ^>::^# vVsii^tc, 
^<^j!iA:;O^Ra#$tL^o i: ^^>3?)^ ^^m<r)m'M<r>m^\^\t. InGaPJ:'9<>lAEv 
0 I <7):A:§ v^A 1 G a I n P ^iJ' 9 F^ 6 3, 6 9 Ic^v^Tv^ Ji, (c. El 1 1 ^Zy^-f 
^^K^ ^ & Z. 69<7)|AEv0l?&«InGaP "C* ^if^]^m&A, 6 8 J: 

»9 t):;'c|: v^/t^ Fltitt 'a:oT> 6 7 '^<7)5J^-;K7)viX:6^T«a^'5r <=fT*?tt&<7)-e^ 

So F«it«Oi^'^tc{i, #:p^ 6 7 t >r*ttc^-r*^N*'; T® 6 6 a . 6 

&hh fiTcJ: > rm 6 6a. 66b <?)mHII<?> I n G a P ^'-f F® 6 4 . 6 8 »c »b A 

[01051 

f*. *M Fgi: LT I n G a A s P Srfflv^^ t^iz. ^ ^ y rm t I.X I n. Q z P ^Mv^ 
[0 10 6] 

l^fz. :=lf%m<D'!^^^K^\,^X\t. _h|a I n G a A s P #FS 6 7*0. 35 %<7)ffi|gM t 
LTV^*0-C, '(^3fe^- F*«TE^- FO#^l^--9-'^M«rli* i t ^'-Ci :S»o 
[0107] 

i^. :*:^ifi<7)BiSici3V»Tfi. JiiaYSrl^^MttfcSr I nG a A s PJEiJiM*^®/' G a A s P 
t L;t:6s. iOjli.^k'^fc.-frlcRg^^ 't><^3-Cli^:v»o InGaAsP^lft 
^#F®/G a A s P/^^V re, I n G a A s Pte^^F®/ I n G a A s P5I§SM^^'U 
rm. I n G a A s PffiM^*^®/ I n G a A s P5I§5^^^^•J TSoja*--^ 

[0108] 

7 8 0 n m t L7t:d«^: tttcgg^ $i ttS <!D-C{i'5r <. 760nmJ:<54t::^§< Jao 8 0 0 
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[0 1 0 9 1 

m~r&o 11112(4, **ifc<7)Mt-*3>t^3fcT''f ;^^^M<^ifi^ia-c**o ^(oytr'^ :^ 

[Olio] 
[0 111] 

— U^^\-^<r>m^\±. Ji|B^^#V--rSm8 2 ;6^e)ailt?*t?t-7'-i5'#-^*«SS:? 

lx>X8 6*3J:C/A/4 ^^'K 8 5 ^Btz^^. If - A ;^ U ^ 8 4 TKIt 
$tL-Cig^T^|6]>?>>'9 0' ^M^tt&o ^<7>m, fffe^fflM!^V>X 8 7 J: oT^Tfe? tt 
> #-^^aiffl§3fc*^^8 8tcAlt^tt:&o ^LT, LT#-^^mffl^5fc^^^ 8 8 1*]-^ 

[0 112] 

:^7-Ciilf^i-*4^^#^l-'-^^*8 2 ?rfflv^Tv^;&o ^<Dtzisb\^. it'rA:^^^ 1<?5®^^ 
#t^CD - R, CD - R'Wm^(Dm-^TL^m^rMt^j:-oX^^fc^r^ :^:^^<Dri^ 

[0 113] 

$*t.g,^-CJi>5r -«7 8 0 nm^<^*^#V— r^m^l&3^:^Si: LTffiv>^3t:T''f 
[0114] 

JilB^l *3j:CF^2glS<B<7)S^tci3V^Tf4. #FfJl^^^''J T^-e^A/-e«^? tt^c 
fi§-14^i**-MJ-A 1 GaA s^^r-f K^-C^EA/Ziti «^>^•M</^TV^;^,5{(^ i<7>%^{4C: tLtcRR 
^$tL^ 'b<7)-c{4/5:(/>o 'PiJx.Ji', ^^''J T® S#cog|*lgBtcA 1 G a A s ®<0^v^gSri£tt 

[0115] 
[^?g <?>?:&:*] 

JsJLJ^J: «9 ^<b3&^^ J: d ^ 1 <D^m<0^m.m.&iJ^7 8 0 nm=^cO#^^#:l---r^mt±. 
^ ^^^y K^^ lni-,Ga.As,-,P, t/<'J 

TS5r«^-r^ t^tC. 0<x^l, 0. 2<y<0. 7 5(Dm^i}^l^iL-t^ X^\^\^tz 
<DX. "ljt^<D^^<D I nG a P 'J Jfc-^, Ga A s X^lC^i-;g, E v <!0^ I AE v 

[0 116] 
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I (a2-al)/'al |xi0O>0, 65 <7)BC#/{)S)^5:i-* J: 9 L;t<^-C. 
±1B>'^''J T»i:#:^^<5Dn > -> 3 Kji:t-;1'^*-<7)^A E c ^S-, 0. 1 2 e V^i 

J^iiJl±l^i£^-Cg;^o ^<^0. 1 2 e V^JKtti, A 1 G a A s*^:##l^-^fc^«-?# 
pmitl-fev^T, TSt LT I I im<DA 1 J^^«rO. 2 7 mm.<D A 1 G a A s Srffl 
v^f^i^-^cT), ^N^U T^t#:P«fccOA E c lc+i^-r*o b;t:36So-C, _h|fi#^®:d^ 

[0 117] 

■t^j:ioib. :z<D^mKXin£. I n G sl p ^^') Tmim^^fz^mi^i---^mw.K^if^m 

t,tLTv>fcG a A s P^^,\^^ii I n G a A s P$rffl</^;t7 8 0 nm^<D^mi^l--'*fmM 
[0 118] 

Lfc<^X-. Jife/N*V T®cOl#^^^^G a A s X«(^5t&^5e^ J: <9 /h^ v^5l5ft^tc|g:5E L 
[0 119] 

^ T >{) v^fisgsi* «• # ^: i: 5{»«-e # a o 

[0120] 

tfz. 1 ^jfef?ll<^^«#V--riSa(4> -hia^t^:^®^ I n G a A s P-r«Bj<lb;t<7)-e. A 
1 G aA s tr^pmt L^t^-^tcJfcififLT, T®0 lAEc ISrJ:<9:»ci< 

LlAEvl^J:'9/h^<-Ci;S.e Ljt^^SoT. #F® t /n*'J to I A E c I 
< LTm^^<7)^-/^'- ^n-^rWJLT. M^«.<i:S^<itm0E^k. KlSfc^^'Jctl^'fb. i^SJ^# 

tt-fb * la * CI * o 

[0121] 

fE#:FJl<Hfli:J4K*fiai(?5WJci5V^TA 1 G a A s glc^jJi^i^Ti/^aO'C, > ^ ^ 

3 ^/N*^' KfOl^^sv^T, JilBA I G a A s » t <7>Mtc:^§ r ^5i^fifc-ei;^o b^c 
3i>«o-C. ±UA 1 G a A s^$-#Fetffl|i:t4S:MtaiJC'6LS$-^;5,^:i:lcJ:oT. m^c^ — 
|fB*«_hfBA 1 G a A s S'^^a--/^*- "7 n--ri, i a: Sr^Iflnjf § So i-Jfirto^. ±SB#F^ 

[0 12 2] 

*?t, l*jfef«I<^^39c#V'--f^W{4^ JilHA 1 G a A s©lc^«bTv^2.^^';T®*_h 
[0123] 

tfz^ l^mm<o^!^mi^u~'ir mm.it. ±ua i g a a s mi^mmi^'c\,^^^<vTm<Dm 

4 nmJ: «9 iii^^ < Lfz<D-C. ±UA 1 G a A smi^Hif^A 1 <^f^#* AlHt-itP^J 
[0 12 4] 

*7t, 1 ^ifiM<^^«#V--9-'^m{i:. _hfB/^*'; T®c?) I I I I^TU^ft' icis ft S G a co^ 
^Jt=S-S-^±fBx<^'(It$: 1 J: »9^h? < L/i<^-e. I n G a A s P^^~'; T©<^ I nTC^l^i J: 

[0 12 5] 
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s-^^m^^Hfc:^-^ KeS•^ifx.^<^-C^ ±f5='>5^^'->3 KiBBt^^v^t:. J^ISMI* 

|pl_h'£:lll^i^:;{)«-ci2.o ^hi^. G a A s ^^Ri::*)-r&t&^^'^SrEI& C: t 'fc-Cg 2>o 
[0 12 6] 

* 7t , A 1 G a A s {4 I I I mm^<Dm h UiJ''%^ LT G a A s *=K^<7)^^S'^'|45&« 
M^#$tt:|,Cli:>5>^, 1 ^ m^^^±<^>ff$^^5frT^>±fE^' ^ y Ke^#*«lfi*tc±|SG a A 

[0 12 7] 

* . 1 ^Jfe«niO^«E#: 1^ - ^^mt . -hf5«'I4^1* t 9 1 9? W f* I n G a P 
4 7t{4 I n G a A s PT?^^i? *t7t:*M VM'k^ \^X\^>^i3K ±^E:2>ri> g F 
flHc*3V^TJ4, _hf2^ 1 co^^tcisJt^ I n G a A s P^n''J T©:*^#:p« i: V T^i:<^ 

^ o 

[0128] 

? e>t^^ I A E V 0 I i}^±.%Zir-^ FeT$>^ I nGaP^jtfil nGaAsPJ:i9 

v>A lGaInP*;tt4InGaP ^ ±.%^^ 9 y FS i: LTfflv>-2, ccC, JifE^' ^ y YM 

<^ 1 A E V 0 I ^**-f FS J: «9 <b;^i < LT> ±K#:pS-^<7>*- JK^iiA^MjH'S: < 

[0 12 9] 
[0 13 0] 

1 ^ia^<7)^^#:V-^f^m{4> Jiia y<iDfflSr 0 . 2 5 J: «9 ^i^'cg: < L7^:<^-e. _h 
lE^N'i; TgcD I AE V 0 I «-JilE#:^^<^ I AE V 0 I i »9 i^m^^^^^ <i-*c:i:-e, 

[0131] 

l*J(iiM<^#^«#V--f^a{4, JifB y <^-(it* 0 . 6 <t •? < L7t<^-C. JifB 

rm<r) I A E V 0 I J: »9fli*lc/J>$ < LT. Ji|B**-f F®36^^>0^^*'J Te'^<7)^- 

[0 13 2] 

'fciilittw LT'{iT'-:5'<7)^*^«l=*^f -9 i t*«-C§So #l^CD - R. CD - RW#-*<?? 
[iaffi<7)1Bjm'5:ia§^l 

[m 1 ] i<7D^5g^^^#U'--^f^mt-fettsi»BK5r^i-ig-e*So 

[1SI2] la 1 tc^-r#*#V--9-'^**5j:0='Jt|!^ffl<7)i|i«#:^--if^Slii5ttSYSrM« 

[I2I3] [a 1 tcisttS G a A s I n G a A s P*:^®* iO^G a A s P^-?'; TS<^? 

[IEI4] I n G a A s P<7)^E giaia-esfeSo 
[OS] I n G a A s Pco#E c ^m-eabSo 
[06] I n G a A s PCD#E V j^ia-CibSo 



(21) 



3P 2004-39747 A 2004.2.5 



[1217] I n G a A s P<^^^#^=-^^j^lil-e^*o 

[HI 1 3] rmKA 1 *«AoTv^=5r</>^*0 I n G a A s PS^=-#F^3St# 

yzf (Eg) «r^-^ia-C**o 

21. 41, 61"-GaA s^^s 

2 2. 4 2. 6 2"- G a A s -7 r Jg. 

2 3 —A 1 G a A s T^i^ v y K®, 

2 4.4 4 —A 1 G a A s TtB**-f K®. 

2 5. 4 5, 6 5 —^Stifli^. 

2 6, 6 6 — G a A s P^^'V Te> 

2 7, 4 7, 6 7— I n G a A s P^F'®^ 2 8 , 4 8 — A 1 G a A s Ji§f *M K^s 
29a, 49a— AlGaAs ±m>m 1 ^ y Vm. 

2 9b, 49b — A 1 G a A s ±^m 2^ ^ y YM. 

3 0, 5 0, 7 0 — G a A s j:--;'^>'^;<. h 
31, 51, 71 — GaA ^^Wm. 

3 2, 5 2 ---A 1 G a A s H 1 li-3it-7'n -y ^'Jg^ 
3 3. 5 3 — G aA s^2m2iEra>y ^S, 
3 4, 5 4 — G a A sa^*'»ilP> 
3 5. 5 5 — G a A s ^-Y ■i' 
3 6. 5 6, 7 3— nfifl«®. 

3 7. 5 7, 7 4 — pfilO«;ffi, 

4 3 a — A 1 G a A s Tgl5^ 2 ^ K^, 
4 3 b— A 1 G a A s Tg&^ 1 ^' ^ K®^ 
46—1 nGaAs P>'^''; TJg. 

6 3 - A 1 G a I n PTflS^' 9 y YM^ 

6 4 — G a I n Y'-r^ifA YM. 

6 8 — G a I n P_h^**>f YM. 

6 9 a— A 1 G a I n P±g|5^ 1 ^ ^ KS. 

6 9 b— A 1 G a I n P_hgP^2 ^ ^ v YM^ 
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